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-e provinces of Jiangsu, Anhui, Jiangxi, and Zhejiang and the city of Shanghai in the lower reaches of the Yangtze River forming a
concentrated distribution area of developed cities and rich villages in China are so called “the four provinces and one city,” which
have experienced rapid and typical urban-rural development. By drawing on the perspective of allometric growth, this paper
conducts fundamental analysis and multifractal analysis of 52 prefecture-level cities in four provinces and one city in the lower
reaches of the Yangtze River. Fundamental analysis shows that there are different patterns of allometric growth in various areas of
the region, as well as the emergence of diffusion in fundamental activities and of polarisation in advanced activities. Multifractal
analysis also shows that the comprehensive regional development is dominated by large- and medium-sized cities, but various
fields have different fractal spectrums and form six interrelated urban-rural integration modes. -e multiple spatial dissymmetry
disclosed in the analysis also shows that each field had its own allometric growth features during the regional development. -is
paper adopts the fitting function and the relevant parameters of the fractal dimension to quantify the evolution in particular fields.
Analysis shows that the developments in prefecture-level cities are different and represent the regional evolution status; the urban-
rural development in metropolises and small- and medium-sized cities is nonmainstream.
1. Introduction
-e four provinces and one city (the provinces of Jiangsu,
Anhui, Jiangxi, and Zhejiang and the city of Shanghai) in the
lower reaches of the Yangtze River form a concentrated
distribution area of developed cities and rich villages in
China; this area has experienced rapid and typical urban-
rural development. -e area comprises approximately
517,600 km2 and accounts for only 5.41% of the total area of
China; however, its gross domestic product (GDP) in 2012
accounted for 24.58% of the national GDP (approximately
14,110 billion yuan), and the number of workers in the
region accounted for 22.09% of the total number of workers
in China (approximately 29.56 million). Meanwhile, the
development in various areas of the region has been dif-
ferent, and multidisciplinary research shows the following.
(1) Various development functions radiate, deescalate, and
transfer from the centre of the region (Shanghai) to the
periphery (Northern Jiangsu Province, Western Anhui
Province, and Southern Jiangxi Province), which reflects the
corresponding spatial-temporal coupling status [1–5]. (2)
Although there has been varied urban-rural development in
this region, the villages and their nearby towns are closely
related; in addition, because of the administrative division,
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the prefecture-level cities and towns in the lower reaches of
the Yangtze River often constitute a relatively unified geo-
graphical complex [6, 7]. Accordingly, the regional urban-
rural landscapes have obvious features of prefecture-level
cities. (3) In the lower reaches of the Yangtze River, there is
an international city (Shanghai) and unenlightened villages
(the peripheral rural area). -erefore, the types of urban-
rural integration at the prefecture level are diversified and
interact with one another [8–10]. (4) -ere is a strong
continuity in the external spatial changes of the urban-rural
compound landscapes, and the development level dees-
calates from the centre of the region to the periphery
[6, 7, 11, 12]. Many spatial dissymmetries at various de-
velopment levels emerge in various fields.
-is study aims to perform the fundamental research on
the allometric growth modelling to reveal regional devel-
opment mechanism. To disclose the real situation of the
urban-rural development in the four provinces and one city
in the lower reaches of the Yangtze River (52 cities including
prefecture-level cities, capital cities, and a municipality,
which are abbreviated to prefecture-level cities), this paper
draws on a spatial autocorrelation analysis and then adopts
the perspective of allometric growth and multifractal
techniques to quantify the types and features of the urban-
rural integration and complexity of the spatial evolution.-e
contributions of this work are the following: (1) multifractal
analysis of 52 prefecture-level cities, (2) algometric growth
features during the regional development, (3) a quantitative
understanding and graphical representation of spatial au-
tocorrelation and multifractal analysis, and (4) including the
urban-rural developments in metropolis and small- and
medium-sized cities. -eoretically, this manifests itself as a
study of the spatial autocorrelation, allometric growth, and
multiple fractal features in the lower reaches of the Yangtze
River, as well as the comparison and correlation of the three
evolutionary features. -e purpose is to analyse the spatial
representation and evolution mechanism, and three fused
perspectives of spatial evolution details show the whole
picture of the spatial development of the region.
-e rest of the paper is organised as follows. Following
this Introduction section, Section 2 introduces the method
and data in the empirical analysis. Section 3 presents the
fundamental study on the regional evolution using spatial
autocorrelation analysis. Section 4 performs the spatial
multifractal analysis. Section 5 presents the regional allo-
metric growth analysis and multifractal analysis. Section 6
carries out the discussion and Section 7 presents a brief
conclusion and the potential future research.
2. Methods and Data
2.1. Perspective of Allometric Growth and Multifractal
Techniques. -edevelopment of urban and rural areas in the
lower reaches of the Yangtze River is a complex process. -e
nonagricultural sector has always been developing at a
nonnegative pace, while the rural areas have gradually
shrunk and have provided ample space for allometric growth
in other areas. -erefore, the local cities themselves are an
urban-rural complex that integrates homogenized villages
with increasingly heterogeneous towns [4, 13, 14, 15].
Correspondingly, there are three main technical methods in
this study: GIS-based spatial autocorrelation analysis, allo-
metric growth analysis, and multifractal analysis (strictly
speaking, single fractal is only a special case of multifractal).
-e logical relationship between them can be expressed as
follows: GIS-based spatial autocorrelation is an external
manifestation of allometric phenomena and can show this
kind of spatial complexity in the form of an icon; it is in-
tuitive, but the complexity of the mathematical theory
Parsing (depth analysis) is not sufficient. -erefore, on the
basis of spatial autocorrelation analysis, allometric growth
analysis can further reflect the internal driving factors of
regional spatial evolution and the overall background of
development. -e allocating of various fields in space will
inevitably leave “traces” such as hierarchy of spatial attri-
butes and scales of various types of land types. Such traces
can often be multifractal. Several indicators of single fractal
case are reflected.-erefore, a comprehensive analysis based
on the combination of the three will help reveal the mac-
rodevelopment mechanism and microspecific evolution
“track” of the integration of urban and rural areas in the
lower reaches of the Yangtze River.
Regional space is scale-free. Conventional mathematical
methods are successful in describing the development with
characteristic lengths, but they cannot describe the real
situation of a region without a characteristic scale. Fractal
geometry and allometric growth theory are effective tools to
analyse the characteristic of being scale-free.
Allometric analysis is devoted to the nonnegative pro-
portional relationship between two elements of a geo-
graphical system or one element and the entire system
[16–19]. Spatial regions are typical complex systems where
various fields are differently related and evolve differently.
Currently, nonagricultural industrialisation, urbanisation,
and industrialisation drive the stronger growth-oriented
development in many fields (such as urban construction and
the tertiary industry) in China. However, development in
other fields, for example, traditional agriculture, is weak-
ening and declining. Although their evolution is not allo-
metric because of their declining development, these other
fields gradually acquire spatial fractal features and provide
broad space for the fields with stronger development. -ese
two types of development are intertwined and form a
complex regional system; the allometric growth that is
generated in the fields with stronger development dominates
the development of the region. In reality, the development of
allometric growth in the multifields has two distinct features.
(1)-e allometric growth of a field follows the following law:
the breaking of the original equilibrium⟶ the emergence
of spatial autocorrelation⟶ the emergence of
trends⟶ the formation of spatial self-organisation (e.g.,
fractal) [20]. (2) -e complex of various allometric growths
facilitates the overall evolution of the region, but the de-
velopment of fields is different, and the difference results in
the asynchronous evolution in various fields [16].
Corresponding to the perspective of allometric growth,
the multifractal analysis is an important method to analyse
the regional allometric growth in economic geography.
2 Complexity
Compared to the inability of conventional technology to
conduct research on spatial self-organisation, the multi-
fractal analysis is successful in analysing spatial complexity
and providing a quantitative evaluation for the spatial layout
and evolutionary processes. -e main criteria of multifractal
features are as follows: (1) the main fractal dimension values,
which reflect the noninteger space of the fractal from a
different perspective; (2) the spectrum width, because when
the range of the multifractal spectrum is wider, the fractal is
more complex; (3) the spectrum truncation, because the
truncation of the multifractal dimension spectrum indicates
the main fluctuation range of the changes in the fractal; (4)
the shape of the fractal spectrum, which reflects the regu-
larity of the changes in the self-organisation of the reaction
system; and (5) the peak of the fractal dimension, which
reflects the dominant components of system changes
[21, 22].
-e development of the urban-rural area in the lower
reaches of the Yangtze River is a complex process, and the
nonagricultural fields have been developing at a nonnegative
growth rate. -e agricultural area has gradually shrunk and
provided broad space for allometric growth in other fields.
-erefore, the prefecture-level city itself is an urban-rural
complex that comprises homogenised villages and hetero-
genised towns [13, 14, 23]. In this sense, analysis of allo-
metric growth and its multifractal features of urban-rural
integration in the lower reaches of the Yangtze River is
devoted to examining the phenomenon of the diffusion of
urban functions from the heterogeneous region (Yangtze
River Delta) to the homogeneous rural peripheral area.
2.2. Data. -e statistical data are derived from the China
Urban Statistical Yearbook and the China Regional Eco-
nomic Statistical Yearbook [24, 25]. -e spatial data are
derived from Landsat TM and ETM remote sensing images
and related thematic maps; this research constructs the
corresponding spatial database on ArcGIS 10.1 and the
GeoDa software platform.-e urban-rural developments on
the same prefecture level are highly correlated, and the
urban-rural data are not listed; the statistical data of pre-
fecture-level cities can be used to represent the corre-
sponding development of the urban-rural integration. In this
case, the object of analysis is the regional complex of the
urban-rural area (or urban-rural complex—prefecture-level
cities). -us, the spatial evolution of the urban-rural inte-
gration in the lower reaches of the Yangtze River can be
understood as prefecture-level cities that show urban-rural
composite landscapes.
-erefore, according to the law of regional evolution, the
breaking of the original equilibrium⟶ the emergence of
spatial autocorrelation⟶ the emergence of trends⟶ the
formation of spatial self-organisation (e.g., fractal). Section
2.1 reports a fundamental mathematical analysis to reveal
the equilibrium of the multifields development in the lower
reaches of the Yangtze River and the patterns of spatial
evolution. Section 2.2 adopts GIS techniques to demonstrate
the spatial autocorrelation in various fields of the region and
verifies the conclusions that are drawn in Section 2.1. In
Section 3, this research analyses spatial self-organisation,
which is represented by multifractals. Additionally, based on
the fractal dimension, Section 3 reveals the evolution details
of some fields with the multifractal features. Drawing on the
thoughts of multiple spatial dissymmetries, Section 4 ex-
plores the reason behind the features of the mathematical
law and the complexity (such as multifractal features) that is
found in the development of the lower reaches of the
Yangtze River.
3. Fundamental Analysis
3.1. Fundamental Mathematical Analysis of Regional
Evolution. -e power function is suitable for describing the
correlation of multifields in a region (e.g., allometric
growth), but it is often transformed into an exponential
function, a logarithmic function, or other types of functions
[20]. Accordingly, this paper conducts a fundamental
mathematical analysis of the development in various fields in
52 prefecture-level cities in the lower reaches of the Yangtze
River.
-is paper performs function fitting on the built-up
areas in 52 prefecture-level cities in the lower reaches of the
Yangtze River (the regional urban-rural integration is
normally dominated by the attributes of the built-up areas).
-e results show that the hierarchical distribution is more
statistically significant with the fitting of the power function
(the goodness of fit is R2 � 0.9677), and R2 of the 40 cities
where the built-up area is more than 60 km2 is as high as
0.9884, as shown in Figure 1(a). Based on the results, one can
conclude that the cities that agglomerate the socioeconomic
activities of the four provinces and one city have the features
of spatial complexity and that the foundation of urban-rural
development will be transformed through functional
changes to businesses, services, industries, and daily living.
-e analysis also shows the following:
(1) Each field will adapt to the external environment,
making the regional development more complex.
For example, the exponential function is more
suitable for describing the GDP per capita in the 52
prefectural-level cities (R2 � 0.9829) than is the
power function (R2 � 0.7965), as shown in
Figure 1(b); this indicates that, compared with the
power law evolution, the production activities in the
lower reaches of the Yangtze River tend to have
progressive spatial changes (the fitting curve of the
exponential function is gentler). -e results of the
mathematical analysis reflect the influence of the
national industrial layout.
(2) -e level ranges of prefecture-level cities with the
feature of self-organisation in different fields are not
the same. For example, the results of the top 33 cities
that are ranked by the average salary in the municipal
districts are more statistically significant with the
fitting of the power function (R2 � 0.9469, close to
0.95) than are the results of all the cities; the
goodness of fit, R2 (0.8643), is well below the
threshold of 0.95, as shown in Figure 1(c).
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(3) Microscale/fundamental socioeconomic activities
tend to diffuse to small- and medium-sized cities,
while large- and medium-sized cities tend to ag-
glomerate meso-macro-scale/advanced activities.
According to the indicators mentioned above, the
analysis shows that the slope of the exponential
function-fitting curve of the GDP per capita is
smaller than the slope of the power function-fitting
curve of the built-in areas; and R2 of the sample size
of 50 cities is more statistically significant than R2 of
the top 33 cities. -ese results show that microscale
socioeconomic activities have been coupled with
grassroots production and living activities and have
made their diffusion fit the exponential function.
Moreover, the power law evolution of the built-up
areas emphasises the agglomeration of the power
source of the urban-rural integration (large- and
medium-sized cities).
-erefore, the development of 52 prefecture-level cities
in the lower reaches of the Yangtze River has broken the
homogenisation of the region and shows the trend of the law
of evolution, and the law of evolution can be described by
corresponding mathematical functions. Meanwhile, these
mathematical functions emphasise the complexity of the
development in this region. Points 1 and 2 indicate the
nonequilibrium and diversity of the spatial development in
the lower reaches of the Yangtze River. Point 3 indicates that
there will be varied allometric growth in various fields of this
region. Regression analysis of a variety of data demonstrates
the universality of the abovementioned phenomena, and the
phenomena are proven in the follow-up analysis.
3.2. Regional Spatial Autocorrelation Analysis. Spatial au-
tocorrelation analysis is an intuitive understanding of the
changes to the self-organisation of the regional entity space
(the regularity revealed by the above analysis) [26]; it is the
foundation of the in-depth theoretical/mathematical anal-
ysis (Section 3).
3.2.1. Global Spatial Autocorrelation Analysis. Global spatial
autocorrelation analysis of 12 fields in 52 prefecture-level
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Figure 1: Function fitting of the Yangtze river’s lower reaches. (a) Built-up area. (b) GDP per capita. (c) Average salary in the municipal
districts.
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cities (agricultural data excluded) (Table 1) shows that, at the
95% confidence interval, 10 indicators, including GDP
(Geary’s index C is 0.726), total salary (0.731), population
density (0.746), the average salary in the municipal districts
(0.729), and the average number of workers (0.753), are
statistically significant. -e results indicate that the 10
nonagricultural fields are positively spatially correlated.
Generally, the values of the attributes mentioned above have
declined from the centre of the region (Yangtze River Delta)
to the periphery area, and these 10 fields carry out scale
expansion, spatial expansion, and transformation in the
lower reaches of the Yangtze River.
-ere is no significant spatial autocorrelation between
the indicators of the built-up areas and the population
density in municipal districts. -ese two indicators are not
statistically significant because the government’s macroscale
control (such as urban planning, industrial planning, social
security, and reemployment opportunities) offsets the
polarised effects of the corresponding activities so that they
have not formed any significant agglomeration or diffusion
centres.
3.2.2. Local Spatial Autocorrelation Analysis. -is paper
adopts the Lisa index to evaluate the spatial autocorrelation
of 52 prefecture-level cities (Table 2 and Figure 2), and the
results show the following:
(1) -ere is an obvious spatial polarisation-diffusion
effect on the entire region, and the level of devel-
opment has declined from the Yangtze River Delta to
the west of Anhui Province, the west of Jiangxi
Province, and the south of Anhui Province.
(2) Shanghai and Taizhou in the east of Zhejiang
Province are high isolation centres.
(3) -e development of Wenzhou is a unique mode of
urban-rural development and exhibits of the
“Greater Shanghai Economic Circle.”
(4) -e focus of economic development has shifted to
Jiaxing, which is adjacent to Shanghai, and there is
spatial dissymmetry between Jiaxing and the eco-
nomic centre, Shanghai.
(5) By various indicators, high isolation centres emerge
in the peripheral areas (such as Nanchang, Huainan,
and Xuzhou).
Generally, points 4 and 5 reflect that there are multifields
with spatial dissymmetry and the dissymmetry of devel-
opment in the lower reaches of the Yangtze River, indicating
that heterogeneity is the normal state of the regional de-
velopment. Points 1, 2, and 3 reveal the external spatial
appearance of the region, which is further analysed in
Section 3.
It is worth noting that only three indicators (the average
salary in the municipal districts, the GDP per capita, and the
urban built-up area) are statistically significant in the global
spatial autocorrelation analysis. -e first two indicators are
statistically significant in the global spatial autocorrelation
test; the third indicator is statistically significant in the case
of lower requirements. -e three indicators represent the
typical attributes of the micro-meso-macro-scale levels of
socioeconomic activities.
3.2.3. Allometric Growth Analysis. After the graphical
spatial correlation shown in Section 3.2, a theoretical allo-
metric analysis should be performed. For a regional spatial
system with allometric growth, the power-law relationship
should be satisfied between each component (specifically,
this is the development area), so that the entire space system
can have a generalised fractal nature. Furthermore, we can
establish an allometric growth matrix based on the power
law relationship to determine the behaviour (relative evo-
lution or relative decline) of this spatially allometric system
and its components, so as to analyse and evaluate the de-
velopment of the entire region and components [15, 18, 19].
However, through the analysis of the fitting of the two
indicators (see Figure 3 for an example) and Section 3.1, we
can see the following: (1) in reality, many areas in the lower
reaches of the Yangtze River are more scientifically described
by other functions and do not satisfy the power law; (2) not
all prefecture-level cities can cover a unified allometric
system. So we cannot establish a basic allometric growth
matrix.
A following-up question has been brought out: Is there
an allometric growth in the lower reaches of the Yangtze
River? In fact, (1) the spatial autocorrelation analysis of 3.2
has shown that the area has a basis for allometric growth, but
allocating space (or the number of prefecture-level cities
included) in each area may be different; (2) space complex
systems are generally in nonstatic idealized systems, the
transition between states should be the norm of its existence,
and the transition of power law is also objective; (3) gen-
erally, the long-term development of developed regions will
have different degrees of allometric growth [27]. -erefore,
we do not rule out the existence of allometric growth in the
case where the scope of this analysis is not accurate enough
for each development field and the system is not an ideal
quasi-static system. Moreover, we can also appreciate the
existence of this allometric growth phenomenon through the
evaluation values of the various fields of development
quantified in Section 4 and the spatial misalignment between
them. -erefore, the allometric idea will be accompanied by
the description of the full text and eventually form a unified
conclusion with other analyses (see Section 5).
3.3. Preliminary Understanding. -e analysis in Section 2.1
shows that there is nonequilibrium and multiple spatial
dissymmetries in the lower reaches of the Yangtze River and
regularity in the spatial and hierarchical patterns (Table 2
and Figure 2).-e analysis in Section 2.2 contributes to three
important indicators that represent the micro-meso-macro-
scale levels of development (the average salary in the mu-
nicipal districts, the GDP per capita, and the urban built-up
area). Based on previous researches [1–3, 5–7, 28–31], this
paper concludes that the multifields development in the
lower reaches of the Yangtze River tends to be statistically
significant and spatially autocorrelated.
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Based on Tables 1 and 2 and Figure 2, the spatial layout of
the urban-rural integration modes in the lower reaches of
the Yangtze River can be summarised as follows:
(1) -e urbanisation mode represented by the devel-
opment pattern of Shanghai is a typical pattern of
urban-rural integration that promotes suburban
industrialisation and urbanisation by expanding
built-up areas.
(2) -e pattern of the urban-rural integration of the
Yangtze River Delta mode with the higher level of
development mode (the south of Jiangsu Province
mode), including the south of Jiangsu Province and
the north of Zhejiang Province, is formed by pro-
moting nonagricultural industrialisation in the
suburbs with the development of township
enterprises.
(3) -e pattern of the south of Zhejiang Province mode
(Wenzhou mode) promotes regional development
through the development of the individual and
private economy.
(4) -e transitional mode in the central area actively
promotes the optimisation of the industrial structure
in prefecture-level cities by promoting the devel-
opment of industries, businesses, services, and new
agriculture.
(5) -e polarisation mode in the central large- and
medium-sized cities (such as Nanchang and Xuz-
hou) is an integrated development mode; its main
manifestation is the dissymmetry between the de-
veloped cities and underdeveloped hinterland.
(6) -e goal of the traditional mode in the peripheral
area (the west and south of Anhui Province and the
west and east of Jiangxi Province) is to solve the
issues of agriculture, farmer, and rural areas and to
enhance the development strength of prefecture-
level cities.
-e above understanding is consistent with people’s
intuitive feelings and the relevant research results. However,
spatial autocorrelation analysis (Section 2.2) can only reflect
the external manifestation of the region. -e corresponding
mathematical analyses (Section 2.1) can contribute some
theoretical support, but they cannot explain the reasoning
behind the phenomena because they cannot reflect the
complex relationship among the modes listed above or
explain their spatial self-organisation behaviour (e.g.,
multifractal).
4. Spatial Multifractal Analysis
4.1. MATLAB-Based Analysis and Criterion. Based on the
preliminary understanding established in Section 3.2, this
paper conducts a multifractal analysis of the comprehensive
indicator of prefecture-level cities (the scale of GDP) and the
three typical indicators that were filtered in Section 3.2.2 to
reveal the features and mechanism of the multifields’ evo-
lution in the lower reaches of the Yangtze River [13, 21].
Using the MATLAB toolbox-multifractal detrended
fluctuation analysis (MFDFA), in the case of sorting the
indicator data in descending order, the MATLAB-based
results of the generalised fractal dimension Dq given in
equation (1), the quality index τq given in equation (2), the
multifractal analysis in spectrum hq given in equation (3),
and the singularity exponent Hq given in equation (4) are
shown in Figure 3, which indicates that the above indicators
present multifractal features in 52 prefecture-level cities in
the lower reaches of the Yangtze River and that the indi-
cators are statistically significant in relevant tests. -e above
indicators have similar peak values and shapes of the fractal
dimension and have different values of the fractal dimen-
sion, spectrum width s, and spectrum truncation [21, 22].
Specifically, in equation (1), the generalised fractal di-
mension Dq [32] can be stated in equation (1), in which q
denotes the order of moment (q� . . .,− 2, − 1, 0, 1, 2, . . .), and
we divide the phase-space to N (s) hypercubes of edge s; the
probability to find a point in the ith hypercube is denoted by
Pi:
Dq �
1
q − 1
lim
s⟶0 log∑N(s)i�1 Pi(s)logs � − lims⟶0 Iq(s)logs . (1)
In equation (2), τq refers to the mass exponent of order q,
and Dq and τq compose the set of global parameters of
multifractals sets:
τq � (q − 1)Dq. (2)
We can transform the global parameters τq and Dq into
the local parameters Hq and hq, as shown in the following
equations:
Table 1: Results of the global spatial autocorrelation analysis of four provinces and one city in the lower reaches of the Yangtze River.
GDP
GDP
per
capita
Area Population density Average number ofworkers
Total salary of
workers Average salary
City City City Built-up area City
Municipal
district City
Municipal
district City
Municipal
district City
Municipal
district
Geary’s C 0.7262 0.7844 0.8668 0.9048 0.7459 1.0520 0.7867 0.7529 0.7308 0.7566 0.7296 0.7287
Significance
level (0.05) 0.008 0.001 0.0470 0.103 0.008 0.246 0.047 0.017 0.024 0.032 0.001 0.001
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Hq � Dq +(q − 1)
dDq
dq
, (3)
hq � qHq − (q − 1)Dq. (4)
-e specific analysis shows that the comprehensive
indicator (the scale of GDP) and micro-macro-scale in-
dicators present significant multifractal features.-e meso-
scale indicator (built-up area) presents multifractal features
by using normalised data (for this reason, the analysis
process is not shown in Figure 4). Table 3 lists the capacity
dimension (D0), information dimension (D1), and corre-
lation dimension (D2) of the above four indicators. -e
capacity dimensions (D0) are all roughly equal to 1, which
indicates that the result is from a fractal analysis for a data
sequence whose spatial dimension is approximately 1.
Accordingly, this finding indicates that the result is not
from a fractal analysis for a grid fractal dimension or from
an analysis for the distribution of plaques with spatial
dimensions between 2 and 3. -e principles that support
this conclusion can be found in Ihlen’s [21] and Kant-
elhardt et al.’s [22] researches.
-e features of the above four indicators are listed as
follows:
(1) -e multifractal information dimension (0.7029)
and the correlation dimension (0.1480) of the GDP
of 52 prefecture-level cities are between the average
salary of workers in municipal districts and the GDP
per capita. -is result indicates that the hierarchical
pattern of 52 prefecture-level cities is due to micro-
meso-macro-scale comprehensive development and
appears to fluctuate and deescalate. -e spectrum
width of themultifractal (4.7048; see the curves at the
lower right-hand corner of Figure 3) indicates that
this indicator (GDP of 52 cities) is the most complex,
which may be reflective of the synergistic effect on
the regional integrated system. -e multifractal of
GDP shows that the strength of prefecture-level cities
does not expand in a single-radiation manner; thus,
the regional space that is shown in Figures 2 and 4 is
becoming more complicated and does not appear to
have a regular descending spatial layout.
(2) In the case of sorting the data in descending order,
the information dimension (0.8185) and the corre-
lation dimension (0.4826) of the average salary in the
municipal districts (on the microscale level) have the
highest values; this result indicates that the average
salary in the municipal districts decreases at the
lowest speed from the economic centre (such as
Shanghai, Nanjing, and other cities) to small- and
medium-sized cities. Meanwhile, the average salary
in the municipal districts is slower than the rate of
decline in the GDP per capita, verifying the con-
clusion regarding the mathematical analysis of mi-
croscale activities which was noted in point 3 in
Section 2.1. -e multifractal dimension of this
indicator—the average salary in the municipal dis-
tricts—is the least complex (spectrum width of
1.9316) among the multifractal dimensions of the
comprehensive indicator, microscale indicator, and
macroscale indicator. -e least complexity results
from the government policy of income adjustment.
(a–1) (a–2) (b–1) (b–2)
(d–2)(d–1)(c–2)(c–1)
(e–1) (e–2) (f–1) (f–2)
(h–2)(h–1)(g–1)
(i–1) (i–2)
0 95190 300km
(g–2)
Neighborless
Low-high
High-low
Not significant
P = 0.05
P = 0.01
P = 0.01
Neighborless
Not significant
High-high
Low-low
N
Figure 2: Spatial autocorrelation analysis of four provinces and one
city in the lower reaches of the Yangtze river: (∗-1) illustration of
significance level; (∗-2) illustration of spatial autocorrelation; (a)
illustration of average salary; (b) illustration of GDP; (c) illustration
of GDP per capita; (d) illustration of average salary in the municipal
districts; (e) illustration of the built-up area per capita; (f ) illus-
tration of number of workers; (g) illustration of workers’ salary; (h)
illustration of worker’s salary in municipal district; (i) illustration
of number of workers in municipal district.
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(3) In the case of sorting data in descending order, the
information dimension (0.5834) and the correlation
dimension (− 0.0308 is an estimated figure, and the
error is ignored. Its topological dimension is set as 0)
of the GDP per capita (on the macroscale level) have
the lowest values. -is result indicates that the ag-
glomeration of regional macroscale activities is ob-
vious and that prefecture-level cities are more
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Figure 3: Allometric growth analysis. (a) Top 45 prefecture-level cities’ GDP-area. (b) 52 prefecture-level cities GDP-total salary of workers
in municipal district.
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independent. Meanwhile, the levels of the macro-
scale development of the 52 prefecture-level cities are
different; in particular, the largest scale of macroscale
development transformation is from the cores of
economic development (such as Suzhou, Wuxi, and
other cities) to the small- and medium-sized cities.
-is phenomenon reflects an accumulation of the
polarisation effects from the allometric growth in
various economic activities.-e allometric growth in
various economic activities is also the reason behind
the hierarchical GDP development in the 52 cities.
-e pattern of GDP development is not complex
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Figure 4: Illustration of the multifractal analysis for four provinces and one city in the lower reaches of the Yangtze River. (a) Illustration of
the multifractal analysis of the scale of GDP. (b) Illustration of the multifractal analysis of the GDP per capita. (c) Illustration of the
multifractal analysis of the average salary in the municipal districts.
Table 3: Results of the multifractal analysis for the four indicators of four provinces and one city in the lower reaches of the YangtzeRiver.
GDP GDP per capita Average salary in the municipal districts Built-up area
Capacity dimension (D0) 1.000945 1.000063 1.000038 1.000032∗
Information dimension (D1) 0.702946 0.583352 0.81852 0.776306∗
Correlation dimension (D2) 0.147988 − 0.03077∗∗ 0.482637 0.499892∗∗-e primary data is normalised; ∗∗this is an estimated value, and the error is ignored.
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because the value of its multifractal spectrum width
(2.2195) is between the multifractal spectrum widths
of the indicators that were established in points 2 and
3.
(4) -e built-up areas in the 52 prefecture-level cities (on
the mesoscale level) present multifractal features by
using normalised data. -e parameters of the con-
verted fractal spectrum are not comparable to the
parameters of the above indicators, but they are
consistent from a theoretical perspective. -e im-
plied regularity reflects that the hierarchical evolu-
tion of this indicator is more complex.
(5) When compared to the truncation of the multifractal
dimension spectrum of the indicators of the GDP per
capita and built-up area, the values of the GDP and
the average salary in the municipal districts indicate
that the driving force (salary) of the comprehensive
regional development and the microscale activities is
oriented to large- and medium-sized cities. Corre-
spondingly, the values of the regional GDP per capita
and built-up area (in particular, the values of the
built-up area are truncated more) reflect the effects
on regional development of the national balance
strategy and “excessive urbanisation” in small- and
medium-sized cities.
-e hierarchical multifractal values of the comprehen-
sive indicator and micro-meso-macro-scale indicators
(calculated with data sorted in descending order) objectively
reflect their evolutionary intensities and complexities in the
regional development.-e preceding analysis helps to clarify
the details of regional multifields evolution; accordingly, one
can derive the evolutionary mechanism of each field. -e
external manifestation of the mechanism is the spatial au-
tocorrelation that is shown in Tables 2 and 3 and Figure 2
(Section 2.1).
4.2. Development of Preliminary Understanding. Section 2 is
concerned with the external law regarding the spatial
changes in the lower reaches of the Yangtze River, and
Section 3.1 analyses the internal mechanism and details of
the spatial evolution in four typical fields. Drawing on the
findings in these two sections, one can develop a more
profound understanding than that in Section 2.3:
(1) -ere are different patterns of spatial autocorrelation
phenomena in the micro-meso-macro-scale fields in
the lower reaches of the Yangtze River. -e com-
bination of these autocorrelations generates different
urban-rural integration modes and thus promotes
the development of the entire region. However,
because of varied self-organisation, the development
in the periphery is not as advanced as the devel-
opment in the Yangtze River Delta. First, Anhui,
Jiangxi, and the north of Jiangsu Province (which
correspond to the 6th and 4th modes in Section 2.3)
are not fully involved in the “Greater Shanghai
Economic Circle.” Second, the spatial autocorrela-
tion of the regional distributions of the 2nd, 3rd, and
5th modes indicate that the development in the lower
reaches of the Yangtze River is complex and
uncoordinated.
(2) Under the influence of many factors, the hierarchical
evolution in the above four fields tends to follow the
multifractal law, but the numerical hierarchical
fractal is different from the spatial fractal. For this
reason, this research adopts only three indicators
(which were selected in Section 2.2) to analyse the
entire region. Specifically, these three indicators were
adopted because the evolutions in the above three
fields satisfy the conditions of vertical hierarchical
multifractal and horizontal spatial autocorrelation.
-eGDP does not meet some requirements of spatial
autocorrelation, but it is adopted in this research
because it provides much information concerning
the regional micro-meso-macro-scale development.
(3) Government intervention has resulted in the “ex-
cessive urbanisation” of the urban built-up area and
the homogenisation of the average salary. -ese
phenomena show that the multifields evolution on
the micro-meso-macro-scale levels in the lower
reaches of the Yangtze River experiences allometric
growth and generates multifractal features, and there
are a different evolution mechanisms and features in
different fields.
(4) -e multifractal features and trends of evolution in
different fields will produce many uncoordinated
and unsynchronised phenomena (collectively called
multiple spatial dissymmetry). Multiple spatial dis-
symmetry has been the normal state of development
in the four provinces and one city in the lower
reaches of the Yangtze River since the reform and
opening up.
5. Multiple Spatial Dissymmetry: Analysis of
Regional Allometric Growth
Sections 2 and 3 are concerned with analysing and dem-
onstrating the heterogeneity and complexity of the spatial
development and hierarchical evolution in the lower reaches
of the Yangtze River. -e reason for this heterogeneity and
complexity is allometric growth in various fields. When
considering the impact of allometric growth, Section 4.1
explores the “maximum common divisor” of regional al-
lometric growth, and Section 4.2 analyses the spatial dif-
ferences of allometric growth and conducts an in-depth
analysis for multifields spatial dissymmetry.
5.1. Maximum Common Divisor of Allometric Growth.
-is paper adopts the entropy weighting method to analyse
the GDP per capita, built-up area, and average salary in the
municipal district with cross-sectional data from 2012. -e
results show that the weighting factors of the three indicators
are 0.2646, 0.5748, and 0.1606, respectively, and this paper
calculates the comprehensive development level of 52 pre-
fecture-level cities with these data (Figure 5). -e analysis
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shows the following: (1)-e comprehensive rating of urban-
rural development in the area that comprises Shanghai,
Suzhou, Wuxi (at the peripheral area of Shanghai), Nanjing,
and Hangzhou (two capital cities) is the highest. (2) -e
comprehensive rating of urban-rural development in the
eastern coastal area (the Yangtze River Delta and the entire
area in the provinces of Zhejiang and Jiangsu) is high. (3)
-e comprehensive rating of urban-rural development in
the central and western areas is not high, but the capital cities
and the cities in the centre of this region (such as Xuzhou
and Wenzhou) are important for promoting urban-rural
development. When considering the entire region, one can
argue that (1) the built-up areas (towns) dominate the ur-
ban-rural integration of the region and of the prefecture-
level cities because more than 50% of the information is
collected from urban built-up areas and (2) from the
N
0 50 100km
Comprehensive score
0.039257 – 0.078963
0.078964 – 0.132037
0.132038 – 0.252266
0.252267 – 0.460326
0.460327 – 0.919204
Figure 5: Comprehensive ratings of the urban-rural integration in the lower reaches of the Yangtze river in 2012.
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perspective of allometric growth, the attributes of the urban
area diffuse to the countryside. -is diffusion induces dis-
symmetry on the micro-meso-macro-scale level and pro-
duces various modes of urban-rural integration.
Figure 5 reflects the comprehensive evaluation of the
quantification of the lower reaches of the Yangtze River and
actually reflects the “maximum common divisor” of the
allometric growth in this region. Accordingly, Figure 5 il-
lustrates the spatial expansion pattern of the regional de-
velopment. Based on the “maximum common divisor,”
multifields allometric growth and comprehensive spatial
complexity emerge in the 52 prefecture-level cities.
5.2. Exploration of the Essence of Multiple Spatial
Dissymmetry. Table 2 and Figure 2, which are generated
from the spatial autocorrelation analysis, show the details of
external space using examples of three typical micro-meso-
macro-scale indicators. -ese indicators essentially dem-
onstrate the results of the evolution in each field, and each
field evolves on the corresponding allometric growth rate,
which is produced by the “maximum common divisor.”
Based on the preceding findings, this research discloses the
multifields spatial dissymmetry that results from allometric
growth by comparing the hierarchical data of the average
salary, GDP per capita, and built-up area of 52 prefecture-
level cities.-e fitting curves show that they are all within the
three scale ranges [33, 34]. Almost all the large cities and
some prefecture-level cities (the values of the corresponding
indicators are ranked at the same positions on the sequence)
are within the first range, and the development within this
range cannot represent the overall development in the lower
reaches of the Yangtze River. Small- and medium-sized
prefecture-level cities that are surrounded by the under-
developed peripheral area are within the third range, and the
development within this range similarly cannot represent
the development in the entire region. Within the second
range, there are more prefecture-level cities, and the cor-
responding indicators are ranked differently on the sequence
(Table 4 and Figure 6); this development can represent the
development of the entire region. -erefore, this paper
conducts an analysis of the regional development by drawing
on the development within the second scale range.
5.2.1. Sequences of the Built-Up Areas and Average Salary in
the Municipal Districts (Meso-Micro-Scale Spatial
Dissymmetry). Figure 6(a) shows that there is a significant
dissymmetry between the sequences of built-up areas and
the average salary in the municipal districts. -e most
significant positive dissymmetry (the former indicator
ranked higher on the sequence than the latter indicator;
negative dissymmetry occurs when the latter indicator ranks
higher than the former indicator) is in an area, and there are
2–4 cities between this area and Shanghai. -is finding
indicates that the area that includes the south of Jiangsu
Province mode (the 2nd mode in Section 2.3) and the
transitional mode (the 4th mode in Section 2.3) is developing
quickly; the rapid expansion of this built-up area probably
results from “excessive urbanisation.” -e negative
dissymmetry can be found in the peripheral area that in-
cludes the 6th mode (Section 2.3); the reason for the sig-
nificant dissymmetry in the northwest of Anhui Province is
that Huainan, Huaibei, and Haozhou are mining cities that
create exceptions. Generally, the spatial dissymmetry results
from different rates of allometric growth in the meso-micro-
scale typical fields in prefecture-level cities.
Figure 6(a) shows that Shanghai and the Yangtze River
Delta have formed a stable polarised centre and that the
peripheral area is the hinterland for development; meso-
micro-scale dissymmetry is mainly found in the central
region (primarily within the second scale range, sic passim).
-e various self-organisation changes (multifractal) in the
two fields result in allometric growth in the region and
eventually affect the evolution of the six urban-rural inte-
gration modes. -is meso-micro-scale development repre-
sents the basic pattern of the development in the lower
reaches of the Yangtze River.
5.2.2. Sequences of the Built-Up Areas and GDP per Capita
(Meso-Macro-Scale Spatial Dissymmetry). Figure 6(b)
shows that the two indicators have more significant spa-
tial polarisation-diffusion effects; one can easily find positive
dissymmetry in the cities that agglomerate towards Shanghai
(the 1st mode in Section 2.3). Negative dissymmetry can be
easily found in the peripheral area that includes the tradi-
tional mode (Section 2.3), and the most significant negative
dissymmetry is in Anhui Province. -e dissymmetry in
prefecture-level cities that include the transitional mode in
the central area (the 4th mode in Section 2.3) is similar; the
negative dissymmetry found in Wenzhou discloses the
uniqueness of the Wenzhou mode (the 3rd mode in Section
2.3). In general, there is regular allometric growth in these
two meso-macro-scale fields, and it dominates the devel-
opment of the region.
By comparing Figures 6(a) and 6(b), one can easily find
the “excessive urbanisation” phenomenon in the middle and
eastern part of the region, which explains the statistical
insignificance of the indicator of built-up areas in the spatial
autocorrelation analysis.
5.2.3. Sequences of the Average Salary in the Municipal
Districts and GDP per Capita (Micro-Macro-Scale Spatial
Dissymmetry). Figure 6(c) shows that there is no regularity
between the two indicators, and, as a matter of experience,
this should be the result of government regulation. Spe-
cifically, the market economy will widen the gaps between
grassroots production and living activities; therefore, the
irregularity between these two indicators is the result of
government regulation aiming to promote urban-rural in-
tegration and narrow the urban-rural gap. However, this
topic is beyond the scope of this research.
-erefore, the allometric growth with the “maximum
common divisor” (as shown in Figure 5), the allometric
growth rate, and the consistent/inconsistent process of
various allometric growth are the reasons behind the
complex evolution and multiple spatial dissymmetry in the
various fields in the lower reaches of the Yangtze River.
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16 Complexity
Compared to previous studies concerning this arena, this
research contributes to a more advanced analytical per-
spective and a quantitative method by adopting spatial
autocorrelation (Section 2.2) and multifractal (Section 3.2)
analyses.
6. Discussion
For a complex spatial region, its multidomain external
spatial autocorrelation, internal allometric growth, and real
multifractal features are interrelated. -erefore, only a
comprehensive analysis based on three types of analysis can
lead to a scientific conclusion. For the lower reaches of the
Yangtze River, this article uses the above three methods to
conduct case studies of its multifield development. Its main
conclusions are as follows.
6.1. Regional Development and Urban-Rural Integration.
-e allometric growth in various fields and the integration in
prefecture-level cities in the lower reaches of the Yangtze
River form a differentiated spatial layout of urban-oriented
urban-rural integration. -e regional evolution mode that
comprises the micro-meso-macro-scale multilevel coupling
can be divided into six categories: (1) Shanghai’s urbani-
sation mode, (2) the Yangtze River Delta mode with a higher
level of development (the south of Jiangsu Province mode),
(3) the unique development mode of the south of Zhejiang
Province (Wenzhou mode), (4) the transitional mode in the
central region, (5) the polarisation mode in the central re-
gion, and (6) the traditional mode.
6.2. Multifields Allometric Growth and Multifractal Features.
Although the development in the lower reaches of the
Yangtze River has become a network (i.e., a spatial
multifractal evolution), it still has the overall spatial
polarisation and diffusion effect. Specifically, the overall
development of the region is dominated by urban attributes
and tends to follow power law evolution; thus, the devel-
opment level of the region—from Yangtze River Delta to the
peripheral area—is declining at an anisotropy/nonequal
ratio.
6.3. Spatial Complexity of Urban-Rural Development. It can
find allometric growth in the microscale activities, medium
patterns, and macroscale development in the lower reaches
of the Yangtze River, and they all have three scale ranges.
However, analysis shows that the development in metro-
polises (such as Shanghai, Nanjing, and Hangzhou within
the first scale range) and in the small- and medium-sized
cities (within the third scale range) cannot represent the
development of the entire region, while the development in
the cities within the second scale range can represent the
typical development of the lower reaches of the Yangtze
River. In addition, the allometric growth in various fields
generates the complexity of different intensities. -e spec-
trum width of the multifractal spectrum shows that the
comprehensive development of prefecture-level cities is
more complex (spectrum width is 4.7048), the regional
macroeconomic activities (2.2195) are affected by the in-
dustrial layout, and the salary-oriented microscale activities
(1.9316) are simpler. Currently, the expansion in built-up
areas is irregular; although there are multifractal features,
one can find “excessive urbanisation” in the medium- and
small-sized cities.
7. Conclusion and Future Works
-ese modes infiltrate and interact with one another and
generate the characteristics of self-organising features (e.g.,
0 100km
N
(a)
0 100km
N
(b)
0 100km
N
(c)
Figure 6: Illustration of the spatial dissymmetry of four provinces and one city in the lower reaches of the Yangtze river (darker colour
indicates greater positive differences).
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multifractal) in some fields. Nevertheless, the self-organi-
sation development of the Yangtze River Delta has not yet
fully covered the peripheral area of the region, and the
distribution areas of the 4th and the 6th modes have not
become fully involved in the “Greater Shanghai economic
circle.” In addition, the distribution area of modes 2 to 5
discloses the complexity of the development in the lower
reaches of the Yangtze River and the incongruity in the
various fields. -erefore, the comprehensive development
andmicroscale activities of the 52 prefecture-level cities tend
to show allometric growth that is oriented to large- and
medium-sized cities. -e macro-meso-scale dimensional
activities tend to have allometric growth that is oriented to
medium- and small-sized cities, which reflects the impact of
the national balance strategy and the status of “excessive
urbanisation” in the medium- and small-sized cities.
Based on the preceding findings, corresponding evolu-
tion modes of the development and spatial coupling status
have emerged in many fields. Allometric growth is often
manifested in the form of the weakening of other functions
or power functions, produces many spatial hierarchical
multifractal features, and then affects the basic layout of the
urban-rural development. -erefore, the development in
various fields has produced detailed development differences
and causes many problems in urban-rural development (e.g.,
multiple spatial dissymmetry). Accordingly, the seemingly
chaotic process of urban-rural development in the lower
reaches of the Yangtze River has followed the evolution law,
which has certain spatial autocorrelation and hierarchical
multifractal features. A quantitative understanding and
graphical representation that were generated from spatial
autocorrelation (Section 2.2) and multifractals (Section 3.2)
help us to gain insight into the allometric growth and
complex changes in the lower reaches of the Yangtze River.
-e understanding of the allometric growth and multifractal
characteristics of the regional space has been achieved.
However, in reality, we combine intuitive spatial autocor-
relation analysis with partial theoretic allometric analysis
and multifractal analysis, which is conducive to the for-
mation of a global understanding of the overall and detailed
spatial changes in the region.
In a specific analysis, geographical studies generally
determine the scope of the study area. For the general al-
lometric cross-sectional analysis, it is not necessary to de-
termine the spatial scope of each development field one by
one, because the relevant workload is large and the devel-
opment of multiple fields is more in the evolution process
and does not reach the ideal end. -e range of allocating
differently in different fields is generally not the same. In
addition, in this case study, the development of multiple
areas in the lower reaches of the Yangtze River should ac-
tually be a comprehensive analysis of longitudinal time
series + horizontal spatial sequences. In this paper, only one-
year cross-sectional data has been selected for analysis.
Obviously, the analysis of supportability of time series is not
enough, so the selection of one-year indicators is very
random.
Our future research will focus on the following aspects:
(1) the implementation of artificial intelligence tools, such as
computational intelligence assisted design framework
[35–37], to reveal urban/suburban change; (2) the devel-
opment of operational strategy of highly efficient urban
study using big data; (3) high-efficiency visualisation tools to
demonstrate the multifractal features, such as augmented
reality/virtual reality techniques.
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